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The interface of MgO/Ags001d has been studied with density functional theory applied to slabs. We have
found that regular MgO films show a small adhesion to the silver substrate, the binding can be increased in
off-stoichiometric regimes, either by the presence of O vacancies at the oxide film or by a small excess of O
atoms at the interface between the ceramic to the metal. By means of theoretical methods, the scanning
tunneling microscopy signatures of these films is also analyzed in some detail. For defect free deposits
containing 1 or 2 ML and at low voltages, tunnelling takes place from the surface Ag substrate, and at large
positive voltages Mg atoms are imaged. If defects, oxygen vacancies, are present on the surface of the oxide
they introduce much easier channels for tunnelling resulting in big protrusions and controlling the shape of the
image, the extra O stored at the interface can also be detected for very thin films.
DOI: 10.1103/PhysRevB.70.125428 PACS number(s): 68.55.2a, 68.35.Ct, 68.37.Ef, 71.15.Mb
I. INTRODUCTION
The metal/oxide interface is of interest due to the very
large number of applications in several fields of technologi-
cal application. So far, most of the studies have been applied
to the investigation of the systems where oxides act as sup-
ports for metals; this is mainly because these structures are at
the core of the performance of most of the industrial catalytic
materials.1–3 A second aspect of the research on metal oxide
interface, this is the growth of oxides on metals, is mostly
relevant to the formation of anticorrosion protections or ther-
mal and electric insulators.4 However, the chemical proper-
ties of these “reverse” catalysts, have also attracted signifi-
cant attention.5
The interest of the oxide on metal systems goes even fur-
ther since a large number of oxides are insulators and, in
order to explode the powerful ultra-high vacuum techniques,
it is needed to prepare them as ultra thin films on conductive
supports, i.e. metals.1,6,7 A larger flexibility is obtained by
growing oxides on metals since it is possible that the oxides
inherit, to a certain extent, some of the properties of the
metal, in particular geometries, stabilizing new structures not
present in the bulk or the surface of clean oxides. A detailed
description of these ultra thin films is still lacking. A first
investigation on the properties of Al2O3 on NiAl was per-
formed by Jennison and co.,8 and recently vanadium oxides
on Pd(111) have been studied in the submonolayer regime.5
Yet, other important points, already suggested for the
MgO/Ags001d system, are the dependence of the insulator
character with the thickness of the thin film and the possibil-
ity of high reactivity of these deposits towards water.9–12
The Ag/MgO interface has been, for a long time, a play-
ground for the metal to oxide interaction,13,14 this is due to
the very small mismatch between the two lattices, around
3%. The same reason explains why the reversed system
(MgO on Ag) has been chosen to deeply investigate the
properties at the oxide/metal interface. The simplicity of this
system has given rise to several experimental and theoretical
studies. The most powerful tool to analyze structural aspects
of conductive surfaces is scanning tunnelling microscopy
(STM) that allows a careful geometric characterization up to
atomic resolution. Schintke and co.9 have reported the first
STM images and the corresponding spectroscopy, STS, in-
vestigation complemented by some calculations on the
MgO/Ags001d system. They have shown the evolution of
the insulator character with oxide thickness and they have
achieved atomic resolution on the MgO film suggesting the
origin of the contrast observed in the images. As for the
theoretical side, some of the earlier results published on the
system were an application of the Harris Functional that
demonstrated the relevance on impurities in adhesion.15
Pisani and co.16 have reported adhesion energies and param-
eters at the MgO/Ag interface for regular stoichiometric de-
posits. They have also investigated the origin of the reactiv-
ity towards H2O. More recently, these authors have extended
their investigation to the isostructural NiO/Ags001d17 sys-
tem.
Our aim in the present paper is to obtain the energetics of
oxide adhesion to the metal and characterize the structure at
the interface. In particular, investigating how geometries and
energies can be affected by the excess or the deficit of oxy-
gen during the growing process. The final step is to give
hints through the simulation of STM images for a detailed
characterization of these deposits.
II. COMPUTATIONAL DETAILS
We have employed the density functional theory, DFT, as
implemented in the Dacapo code,18 applied to slabs repre-
senting the MgO/Ags001d interface to determine the geom-
etries, energies, electronic structure of this interface and to
simulate the STM images. Calculations employ ultra soft
pseudopotentials19 to describe the ionic cores while the
Kohn-Sham one-electron valence states are expanded in a
basis of plane waves with kinetic energies below 340 eV.
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The employed Monkhorst-Pack mesh is 83831 for the
MgOs001d /Ags001d interface, and has been reduced accord-
ingly when enlarging the cell. The exchange-correlation en-
ergy is described by the generalized gradient approximation
PW91.20 The self-consistent PW91 density is determined by
iterative diagonalization of the Kohn-Sham Hamiltonian.
Fermi population of the KS states skBT=0.2 eVd and Pulay
mixing of the resulting electronic density21 have been used.
To represent the metallic substrate three layers of Ag(001)
have been employed where only the first one has been al-
lowed to relax. On top of it one or two layers of MgO(001)
have been deposited, where the O atoms are on top of the Ag
centers22 and compressing the Mg-O distance so as to fit the
cell of Ag (this is about 3%). When modeling defective sur-
faces a ps232d supercell is used, leading to a 0.25 ML in
plane coverage of neutral vacancies or excess O atoms. For
O-deficient systems calculations have been performed for a
single vacancy in the topmost layer and at the interface when
2 ML of MgO exist. In fact, a 15% O deficit on the MgO
samples has been reported for some of the experiments.23 To
complete the investigation of the role of the O2 ambient we
have explored the excess oxygen at the interface between the
metal and the MgO film. Subsurface oxygen atoms have
been placed between the metal and the oxide; the resulting
MgO/O/Ag structure has been analyzed only for a single
MgO layer on top of the partially O-covered Ag surface. For
O2 on Ag(111) it has been found that only the initial
0.25 ML O-atoms are staying on the surface of Ag and as the
coverage increases a certain amount of oxygen will sit in
subsurface sites, almost 50% for 1 ML coverage.24 A similar
behavior for the Ag(001) surface is expected. Again in this
case, a ps232d unit cell has been employed to show a cov-
erage of interstitial O atoms of 0.25 ML. The notation em-
ployed through the paper is the following: V states for oxy-
gen vacancies, that can be either on the surface for which an
“s” subindex is employed or at the interface represented by
an “i” label. When preoxidized silver exists, the pre-existent
O layer is also described as interface “i” and the first MgO
layer is considered as a surface “s” layer. Schematic repre-
sentation for the systems employed in the calculation can be
found in Fig. 1.
To simulate the STM images we have employed the
Tersoff-Hamann approach25 that simplifies the tunnelling
probability by imposing finite temperature and a point repre-
sentation of the tip located at r. According to their approach,
shown in Eq. (1), the general expression for the tunnel inten-
sity can be approximated by:
IaSmE ufmsrdu2vsedde , s1d
where I is the tunnelling intensity, ufmsrdu2 is the density of
state m at a certain position and vsed is the weight function
that determines the contribution from different states avail-
able for tunnelling. For zero bias vsed is replaced by a
Gaussian function and the intensity turns out to be propor-
tional to the density of states at the Fermi level at the tip
position.
The presence of a finite bias introduces more states avail-
able for the tunnelling process. When the sample is biased
positively electrons flow from the tip to the sample and there
is a continuum of states; those with energies between the
Fermi level and the value of the positive bias, available for
the tunnelling processes. In the Tersoff-Hamann formalism
such a contribution can be introduced by the weight function,
vsed, a window-like function containing all the states coming
from the sample and located between the Fermi energy and
the voltage applied. In this case, we have taken it to be the
difference between the two Fermi functions, corresponding
to the sample and to the tip, respectively.
Voltages employed in the simulations are on the order of
those employed experimentally; this is from 0 to 3 V.26
Typical values selected for the constant density at which the
images are obtained: for zero bias are 4310−4 e /Å3 while
for a voltage of 3 V the density value was increased to 2
310−3 e /Å3. These values chosen so they provide better
agreement with the corrugation observed in the experiments.
In that way the represented image corresponds to a constant
current mode instead of a constant tip-substrate separation. A
similar approach has been successfully applied to the study
of TiO2s110d.27–29
Other approaches, that explicitly calculate the coupling
between the wavefunctions of the tip and the sample, have
been proposed. However, they are more complicated and
have mostly been applied to wavefunctions calculated
through the Extended-Hückel approximation.30 Due to the
complexity of the oxide/metal interface, the Extended-
Hückel approximation might not be the best choice when
describing this system.
FIG. 1. Schematic representation for the studied systems. Top
panel regular MgO on Ag (001): left 1 ML, right 2 ML. Central
defective structures when defects are localized at the interface.
Lower panel, left a single MgO layer on partially preoxidized Ag
and right 2 ML of MgO adsorbed on Ag(001) with a defect on the
surface layer. Black spheres correspond to Ag atoms, white corre-
sponds to O anions and small black spheres represent Mg cations.
The arrows indicate relevant positions or displacements reported in
Tables I and II.
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III. RESULTS
The results are presented as follows. First, we have inves-
tigated the geometry and structure at the oxide/metal inter-
face with different O2 contents. In a second step, we have
analyzed the energetics for oxide adhesion, showing which
are the most stable structures; and finally we have obtained
the corresponding simulated STM images at different volt-
ages giving clues to monitor and assign the features already
observed experimentally in the images.
A. Geometry at the interface
We start by analyzing the geometry of the different struc-
tures calculated. In all cases, the anions of the MgO film
directly in contact with the metal have been located on top of
the metal atoms as suggested from previous
calculations.9,16,22
For a single oxide layer the geometries are in very good
agreement with previous results.16 A single layer of MgO
adsorbed on Ag(001) presents a significant corrugation, al-
most 0.1 Å. The overlayer-substrate interfacial distance for
Mg and O, 2.46 Å and 2.55 Å, respectively. Corrugation al-
leviates the geometrical constraints induced by the support,
releasing some of the energy introduced by film compression
to accomodate the Ag(001) cell parameter. The relative dis-
tance along the z-direction between anions and cations is
reduced for the bilayer compared to that of the monolayer.
Only a 0.03 Å difference between the positions of surface
anions and the cations has been evaluated; see Table I. How-
ever, the tetragonal distortion induced by the misfit at the
interface is seen in the whole oxide structure. The average
distance between the first and the second layer of the sup-
ported bilayer of MgO is elongated with respect to that of
bulk MgO by 3%, an elongation of 3.6% has been reported
experimentally for 3 ML MgO films, and a complete recov-
ering of the bulk value has been observed for 6 ML.23,33
More detailed measures for the oxide to metal distances are
also available from different experiments. The interface dis-
tance MgO to Ag has been found to be 2.43±0.02 by
EXAFS,32 2.53±0.05 by GIXRD14 and 2.39±0.06 Å by
LEED.31 The latter authors also provide the values found in
their calculations. They reported a distance of 2.39–2.55 Å
for the monolayer and 2.46–2.55 Å for the bilayer with a
second layer of atoms placed at 4.65 Å. This is rather similar
to the values we have computed, especially taking into ac-
count that a more extensive optimization has been performed
in the present case.
We have computed different off-stoichiometric MgO/Ag
structures in a ps232d configuration; see Table II. If silver is
preoxidized, subsurface oxygen atoms are sitting at the hol-
low sites of the Ag(001) structure. It has been seen experi-
mentally that O atoms are above the hollow site at about
0.6 Å out of the Ag surface.34 This value is rather similar to
our estimate, 0.5 Å for the O adsorbed on Ag(001) for the
MgO/O/Ag system. When MgO is deposited on top of the
preoxidized structure the presence of the interstitial O gives
rise to a larger distance from the surface metal atoms to both
anions and cations of the MgO layer. The corrugation is
smaller than in previous cases. The distances from Ag sur-
face atoms are about 2.73 Å for O and for Mg not in contact
with the interface Oi; see Table II. These Mg cations are
found from 0.3 Å lower; this can have implications in the
simulated STM images. It is important to notice that the
distances observed experimentally are much closer to the
situation where no O is stored at the oxide/metal interface.
For the O-vacancies, we include in Table II the average z
position for the layer without the cation closer to the va-
cancy, that usually shows different features, and the z posi-
tion of the Mg cation directly in contact with the vacancy.
Also, lateral displacements for the Mg cations first neighbors
to the vacancy are reported. The most striking point in Table
II is the extraction of the Ag atom out of the topmost Ag
layer by 0.2–0.3 Å occurring when the O vacancy is present
at the oxide/metal interface. Extraction of the Ag atom is not
observed if the vacancy is present at the surface of a 2 ML
deposit. The corrugation observed in the regular film is in-
TABLE I. Geometries for L=1 and 2 ML of MgO on the
Ag(001) surface. i stands for the layer in contact with the metal
while s stands for the surface oxide layer. Distances are in Å.
L zAg zOi zMgi zOs zMgs
1 −0.027 2.546 2.455 - -
2 −0.055 2.472 2.446 4.644 4.607
TABLE II. Geometries for monolayer and bilayer of MgO adsorbed on Ag(001) in a ps232d supercell for
an O-related defect. Coordinates and displacements are in Å. dMg stands for the lateral displacement of Mg
atoms first near neighbors to the vacancy and z¯ stands for the average for the rest of Ag or Mg atoms in the
plane not directly in contact with the defect. Oi stands for the MgO/O/Ag system, Vi for the MgO film
containing a vacancy at the interface and Vs for the system containing a vacancy at the surface. L=1 and 2
indicate the number of MgO layers in the film.
L z¯Ag zOi zOs zMgs z¯Mgs
Oi 1 0.013 0.482 2.727 2.478 2.727
L zAg z¯Ag zOi zMgi z¯Mgi dMg zOs zMgs z¯Mgs
Vis 1 0.307 −0.050 2.650 - 2.399 −0.066 - - -
Vi 2 0.202 −0.102 2.536 - 2.388 0.000 4.703 4.833 4.634
Vs 2 - −0.010 2.824 2.343 2.713 0.052 5.005 - 4.928
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creased when vacancies are present, due to the induced cor-
rugation in the O-sublattice. For instance, for 1 ML, anion-
cation corrugation is at least 0.13 Å, but also the O-sublattice
shows an almost 0.2 Å difference in the oxygen vertical dis-
placements. Again, when two monolayers are considered, the
anion-cation distance in the z-direction is reduced to less
than 0.08 Å and the O-sublattice is almost coplanar. For the
bilayer, when the vacancy is present at the interface the high-
est point on the surface is the Mg atom on top of the vacancy,
0.2 Å higher than the rest of Mg atoms in the surface layer;
even higher than O in this layer. A final feature is the lateral
displacement of the Mg cations neighboring a vacancy. For
the bulk and surface unsupported MgO, lateral displacements
always give more space for the two electrons in the vacancy,
indicating that Mg atoms are pushed out of the center of the
vacancy. In the present model this feature is only seen for a
surface vacancy at the bilayer. The lack of lateral displace-
ments in the resting structures is therefore due to the pres-
ence of Ag.
B. Energetics at the interface
Binding energies for MgO on Ag(001), shown in Table
III, are very low for nondefective films, about 0.36 eV for a
single monolayer and 0.19 eV for the bilayer, with respect to
a MgO unit in contact with the surface and within the PW91
approach, which is known to give rise to overbinding.35
These energies, relative to the MgO unit are quite small, in
agreement with the low interaction found for the reversed
system through microcalorimetric experiments. For large Ag
islands on MgO a binding energy of 15 kJ/mol was found.36
The lowest binding energy obtained for a bilayer is a conse-
quence of reduction in the extent of relaxation and the con-
sequent energy gain. The stiffness of the structure, a charac-
teristic of ionic oxides, is retrieved for the bilayer, reducing
the relaxation of the structure. This reduction of the relax-
ation might be relevant when considering larger deposits.
Moreover, since the bond at the interface is relatively weak
compared to the cohesive energy of the MgO, deposits will
try to grow tridimensionally, as has been seen
experimentally.9
The binding energy of O2 to the Ag(001) for low cover-
ages, 0.25 ML, and with respect to O2 and the Ag slab is
0.86 eV per oxygen atom. This is the most stable situation
for this coverage since subsurface O structures are higher in
energy by more than 1.5 eV/atom. This preoxidized struc-
ture binds the MgO monolayer by 1.6 eV. According to these
values it cannot be discarded that if an excess of O2 is
present in the preparations some O can be stored at the in-
terface in a binary Mg, Ag oxide form. Moreover, these
structures are stable against the formation of O2 and a va-
cancy at the film by more than 5 eV.
Considering now the oxygen poor condition, O-vacancies
can be present in the oxide film. To form an oxygen vacancy
in the MgO film costs about 5.43 eV with respect to gas
phase oxygen for a single monolayer and 6.71 eV for the
bilayer. When adsorbing these defective films to the Ag(001)
substrate the binding energies of the defective oxide film to
the metal are larger than for the regular film, around
2 eV/defect when the vacancy is at the interface and 1.7 eV
when the vacancy is on the topmost layer. In this case the
energy increases for 2 ML if the vacancy is at the interface.
As for metals on oxides, vacancies on the oxide layer favor
the intermetallic bond formation, a much more effective
bonding mechanism than the polarization of the metal in-
duced by the presence of the oxide. In fact, the bond when
vacancies are present is much stronger since electrons kept in
the cavity can be shared between the oxide layer and the
substrate. For the bilayer, the relatively large difference,
0.5 eV, between the position of the vacancy on the surface
layer and at the interface indicates that the interface behaves
as a sink for this kind of defect. Vacancy diffusion is likely to
be easier for very small structures (2 ML deposited) than for
larger structures (3 ML deposited) due to the reduction in the
coordination number. For a 3 ML deposit, diffusion would
resemble that in the bulk, which has been determined to
show energy barriers of about 3.5 eV.37,38
C. Electronic structure
The analysis of the electronic structure for the oxide sup-
ported on the metal is performed through the projected local
density of states, LDOS, determined for all the systems con-
sidered. Partial LDOS are reported in Fig. 2 for the surface
Ag, O and Mg atoms. To illustrate the chemical changes a
deep zoom on the region near the Fermi level is shown. For
the complex ps232d structures symmetry can break and dif-
ferent lines corresponding to nonequivalent species have
been drawn in Fig. 2. The plots for the electronic structures
shown here are somehow different than those of Ref. 9 in the
sense that the total density of states has been split into the
atoms by projecting the total density on the atomic orbitals
up to a given radius. The projected density of states provides
a clue to understand the origin of corrugation in STM images
since it separates the contributions from the different atoms
present. However, since Mgs3spd states are very extended in
nature, the projections do not include all the empty states that
correspond to these atoms. We have done comparisons em-
ploying a larger radius in the projection, 2 vs. 1 bohr. The
results show that all cases the conduction band is mainly of
Mgs3spd character and its position depends on the nature of
the system. The main drawback when employing a larger
radius in the projection of the states into the atoms is that it
leads to double counting, by artificially assigning twice the
electronic density located at the interstitial regions.
Besides this aspect, plots for the regular systems are very
similar to results in Ref. 9; see Figs. 2(a) and 2(b). The MgO
to Ag bond for the undefected film is mainly formed by
metal polarization, as previously seen for the metal/oxide
counterpart.39 The valence band is mainly of Os2pd origin
and at the Fermi level only Ag and O states are present.
For nonstoichiometric systems, the electronic structure is
modified to different extents. A large perturbation occurs for
the preoxidized Ag system; see Fig. 2(e). In this case, the Ag
and the Oi states show significant covalent contributions and
a corresponding modification of the Ag related band with
both bonding and antibonding states. This shows the highly
covalent character of the Ag-O bonding compared to the
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charge polarization occuring for the regular MgO-Ag inter-
action where the Ag interacts directly with O2− anions in the
MgO layer.
The LDOS for the defective O structures is shown in Figs.
2(c) and 2(d) and 2(f). If the vacancy is present at the inter-
face between MgO and Ag, the Ag atom in direct contact to
the vacancy gets some charge by the two electrons left in the
vacancy. A similar phenomenum has been described by Gior-
dano and co. for both the MgO/Pds001d interface and the
reversed Pd/MgOs001d systems.40,41 If the vacancy is
present at the interface, the Mg atoms also modify their
structure contributing to the bond at the interface, thus re-
sembling an intermetallic bond. When the vacancy is present
at the surface, Fig. 2(f), the LDOS is similar to that of the
oxide slab alone. Again, due to the projection employed to
obtain the LDOS the vacancy or impurity level in the gap of
MgO is difficult to detect. However, the vacancy related fea-
tures can be retrieved with the density analysis performed
through the simulation of the STM images, as we will show
in the next section.
D. STM: Calculated images
Calculated STM images have been generated for zero and
positive bias (tunnelling from the tip to the substrate). In all
the figures a ps232d cell is employed to understand the
position of the areas with larger tunnelling currents. They
can be compared to the STM experiments by the groups of
Schneider9 and Valeri26 that reach atomic resolution on these
films.
The contrast in the images obtained in STM have two
different origins: the electronic structure and the geometric
structure. Depending on the conditions of the film and on the
presence and quality of the defects their fingerprints at dif-
ferent voltages can be characteristic.
The origin of the contrast for the regular films is revealed
in the first images, Fig. 3. For regular surfaces the contrast at
zero bias is completely governed by the Ag states at the
Fermi level. When increasing the bias a series of empty
states, also more extended into the vacuum, are available for
tunnelling. These states come from the conduction band of
the supported oxide mainly located at the Mg positions. The
resulting competition between both gives rise to a change in
the corrugation: protrusions at 0 and positive voltages are
placed in different positions for the monolayer, where Ag and
Mg atoms are alternated. For the adsorbed bilayer, where
both Ag and surface Mg sit on the same position in the plane,
the initial image is conserved on going to higher voltages.
The present simulations confirm the suggestions9 about the
double origin of the tunnelling at low and high voltages and
assign unequivocally that Mg atoms are imaged at high volt-
ages for regular surfaces. This assignment can only be done
by comparing simulated images to the observed STM ones.
Care must be taken since the tendency of PW91 to underes-
timate the band gap for insulators is well known.42 This
could lead to differences for the quantitative comparison be-
tween the simulated images presented here and those re-
ported in the experiments. However, it does not affect the
qualitative description or the assignment of the centers re-
sponsible for tunnelling.
Images corresponding to the preoxidized Ag system are
presented in Fig. 4. The image for the complex
MgO/O/Ags001d ps232d has the origin of contrasts in a
complex mixture of geometrical and electronic factors. Due
FIG. 2. (Color online) Projected local density
of states for MgO/Ag systems. Dotted lines state
for Ag, dashed lines for O and continuous lines
for Mg. The top panel shows stoichiometric de-
posits: left 1 ML MgO/Ag, right 2 ML
MgO/Ag. The central panel shows deposits with
vacancies at the MgO/Ag interface: left 1 ML,
right 2 ML. The bottom panel shows the follow-
ing: left, MgO/O/Ag structure and right, surface
oxygen vacancy at 2 ML MgO/Ag. Zero energy
in the x-axis corresponds to the Fermi level.
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to the presence of O, Ag atoms are not as prone for tunnel-
ling as for the regular regions; see Fig. 2. Moreover the dis-
tances from Ag to the tip are enlarged due to the thicker
amplitude of the MgO insulator film. The corrugation ob-
served at 0 V shows two of the Mg atoms, the ones located
at larger distances from the substrate, while the one on the
top corner which is place 0.1 Å lower is seen as a dark area
due to the increase in the distance from the tip. The Mg atom
in contact with the interstitial O is not particularly dark even
if it is placed much lower than the Mg on the top corner; this
is due to the fact that the underlying O atoms have a signifi-
cant density at the Fermi level; see Fig. 2. These electronic
contributions partially compensate those coming from the
geometry, e.g., the lower position of the Mg atom. At posi-
tive larger voltages the image is partially reversed, the bright
Mg centers are even brighter but the position where the in-
terstitial O atom is located are seen as dark areas. This is due
to the amount of contributions from the empty states of the
Mg atoms that in this case only reproduce the geometrical
structure found.
When vacancies are present at the surface oxide layers,
Fig. 5, they are mainly seen as protrusions and they are
stable in the image from zero to positive large voltages. This
is seen when the defect is located in the surface; see the
columns on the left and right in Fig. 5. In that case, vacancies
completely control the shape of the image. As found for
rutile TiO2s110d the extension of the vacancy-related fea-
tures is much larger than those corresponding to Ag or Mg
atoms. If the defect is present at the interface between a
bilayer of MgO and Ag the image at low bias seems to be
determined by the Ag states close to the Fermi level. In that
case, at zero voltage, a big depression at the position of the
vacancy is seen. However, at positive voltages a bright pro-
trusion is present at the same position although in that case
the extension is smaller than that found when the vacancy is
present in the topmost layer. The observed corrugation in this
case is due to geometrical effects. Tunnelling is, as before,
controlled by the Ag states at low voltages while it is due to
empty Mg states at positive voltages. However, looking at
Table III, the Mg atom on top of the vacancy site is out of the
MgO plane by 0.2 Å. At zero voltage, the distance for tun-
nelling between the tip and the Ag atom directly below the
vacancy site is much larger than for other Ag positions, re-
sulting in a lower current from this position. The contrary
holds at high voltages where the Mg center on top of the
vacancy has a maximum intensity because it is slightly out
from the plane of the second layer of Mg atoms resulting in
a larger tunnelling from this position.
FIG. 3. (Color online) Simulated STM images for MgO on
Ag(001) revealing the origin of the contrast for the same structure
at different voltages ranging from 0 (Ag atoms images) to a positive
3 Volt value (Mg atoms are observed). On the left panels 1 ML
regular MgO is considered while 2 ML deposits are shown on the
right column.
FIG. 4. (Color online) Simulated STM images for the
MgO/O/Ags001d system. Images shown correspond to 0 and
2 Volt voltages.
FIG. 5. (Color online) Simulated STM images for defective
MgO layers on Ag(001), first column 1 ML MgO, second and third
columns 2 ML of MgO with the vacancies in different positions.
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IV. CONCLUSIONS
We have performed DFT slab calculations on the
MgO/Ags001d system considering one and two layers of
MgO. For the regular, stoichiometric, system corrugation of
a single MgO layer is observed while the stiffer bilayer pre-
vents this energy release mechanism. The consequence is
that the binding energy of the oxide to the metal already
small, 0.3 eV, for the monolayer, (the bonding is based in
polarization effects) is further reduced for the bilayer, aproxi-
mately 0.2 eV. Nonstochiometric conditions generate two
different structures. O-deficient conditions favor the bond at
the interface by a very large amount, about 2 eV. This value
is reduced if the vacancy instead of being at the interface
layer is placed at the surface layer. In excess oxygen, the
bond at the partially oxidized interface is also larger than for
the clean Ag(001). Geometries are also changed in both ex-
cess and deficiency limits. The electronic structure of depos-
its changes strongly in out-stoichiometric conditions, by
modifying the shape and positions of some of the bands.
For the STM images, we can conclude the following: at
low voltages and provided than the film is thin enough Ag
states are responsible for the contrast found, but when the
voltage is increased Mg cations on the surface are the re-
sponsibles for tunnelling. It is possible then to obtain a re-
verse picture by changing the voltage applied from zero to
positive values depending on the number of MgO layers in
the deposit. If vacancies are present on the topmost layer of
the film, they are imaged as protrusions and dominate the
images. But if vacancies are at the interface big protrusions
are observed only at positive voltages. Finally, interficial O
atoms are present they are seen as black areas in the images
at positive voltages.
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